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-g- 4€- *H3-fMlfe #*M3^ ^ ^i<4 tiflEHd*]- #*Kd* ^e] ^ 

^ofl ^ 7>7l^V A]^Efl^- ^al^-O.^ *H3-fMll- %^-o]) ^^>7fl ^ ^1 A] ^ ^ <&o] 

£ 1 

» 0 >A>^ ^^1, oj- SlSf oj. ^lcf ( £,g t ^a. ^ >7H> 
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^20 
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<& *]S. JE^b <& w 0 >Apj *H3-n-*fl, o]^- «o v ^ ^ -^{RADIOACTIVE 

MAGNETIC FLUIDS FOR TREATMENT OR DIAGNOSIS OF CANCER, PROCESS FOR PREPARAING THEM AND USE 
THEREOF} 



5. 2b v\A HM-^ 7M3-M# °l-§-*M ^li^Kr €3* M-Bf- 

£ 3^r 10% # 27} ^ °l£r* *H^}JI p}ZLV}1e}o1H 
^ X^il 3^ ^E}v£ ^oIjl, 

5. 4b -g- I^^H ^}nvilE}olH i^o^ofl 91^ 27} ^ o)^-^ °£d\] a}^ 

51 5^7 ^°\)*] n}ZLVilE}olE U^o^o] ^SA]^ A>-§-£)^ 33i*H CC}# ^ o. 

*fl^ n}^rvHE}olE u}i,^7}^ ^s}^ ^ ^ u}E}vfl ?Hj7, 

i 6£- ^r^<^l *}^r ^}ZlvilE}olE u}^o^j.o} 27} ^S} ol-^S} 27} ^ o]^-^ ^-( Cu 2+ 
+ Fe 2+ )2} 37} ^ ol^( Fe 3+)^| ^ ti],§-ofl o}s. x}2}^# u}E}vfl 
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<7> ^. wV^o. n^A\A^ ^"M, oil- *fl2:*Kr ^ ^ ZL -§-5EL <>il ^ ^13-* 



^l^>7l ti 0 >^4 7l^#ol 7 fl^Jl ^^.M-, oj^jl ^4^0] ^^.WV^# % 

A. 

°W ^ tfl^^>7l °l-B-tb Sj-^M A}-g- 
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SI 
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* °1» ^U^Ka, *1^H ^Mtf-fc £0^0.3.*! #ARi* « 0 v#^t11 *H 

<12> 5]^^ Al^^^- i^o^ <y-o] t^^v ^^^q. 



^^is jl3=1<H SMIi* ^lst ^ 



ft£, ^ y o v ^ -2-^1 ^>-g-£l^ *Hd-fMI|fe ^H^^ v * 100 A^JES *l>)|ft$ MO- 
Fe 2 0 3 (M^r 27}$] ^-4? o]^)2} ^ #5*1- £^ ^j^S *>JL, <>]§ 7p8£-^ z]- 

^£ 7}*]JL ^Cf. 
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# ^ 27} ^ *H2^ ^hv)1e}oih 

Cu x F ei - x O Fe 2 0 3 31^ %^^17> w 0 U}^ ^o-^s. ^1^-^^-. 

J±Cf af^- 31^711^-, ^"^^ 27> ^ Ol^-^- 37> % o)<£-^r %^\^ 

Sltt ^ 27V ^ o^-g. ^--fi-S>^ *>^LM1eHH. i4^°d^> 

Cu x Fei- x 0- Fe 2 0 3 <*] 7^ iM^l^l Q}?}^ ^(decanoic acid)°-5. 1*> 3.*%s)o] ojjr, £}- 

-M<?1 icM-fe -iKnonanoic acid)-2-5. 2*} u o>A>Aj ^ -fMl!- ^tlr^. 
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<20> o] nfl, -y.71 P>nvilEfolE uj-^oj^ Cu x Fei- x 0- Fe 2 0 3 ^ x&-& 0.1-0.4^ Jl-43°1 

A. 

<21> ^"7HlAi 2 7> % 0)£--jr ^-Pr*>fe 3^#2f 37> £ <^-g- #sL 

Fe 3 0 4 7} ^£ 27} ^ ol^-o] Fe 3 0 4 ^ 27} £ o] ^ *\Q^o_£_ 

*| pK^eHH M-i^*} vfl<*|| 27> ol^-o. ^.o.^. CUx Fei- x 0- Fe 2 0 3 °] 

<22> a o V 7 ] P>ZLtHBfo]E u}^*} iflofl <fl*]^ 27} ^e) o] ^ 0.577 ^7> #7}#H(MeV)^ 

oflui^sq- 61.83 ^#3} «H}-7]# 7>^1 «j-A>Aj ^i^i wflB}-^!- wj-#*}t}. WflEfA]^ -f}- 

<23> ^. 7 ] 27 > ^ Oj^-o. oj-^- 7}^ A}-g-5^ 99^^ W J-a> 6)|u)*H 7>7> 

£ 150 ^7>#H(KeV)^ #*}-*! ,g- ##^-1). #*}^ #*} a>^ 7 ]S. ^Tfl 

^ ^ 7>7l^ Al^efl ^6(|^ o-^j-g. cj- y-o^ofl J2.01X) ^ ^ &tf2)[l)TJrs 

Hafeli, Gayle Pauer, Sarah Failing, Gilles Tapolsky, 'Radiolabel ing of magnetic 
particles with rhenium-188 for cancer therapy', Journal of Magnetism and Magnetic 
Materials, 225, 2001, 73-78, 2 > Ch. Alexiou, A. Schmidt, R. Klein, P. Hulin, Ch. 
Bergemann, W. Arnold, 'Magnetic drug targeting : biodistribut ion and dependency on 
magnetic field strength', Journal of Magnetism and Magnetic Materials, 252, 2002, 
363-366]. n*eH, €■ ^^^l °}€- ^iflEj-olB M-i^A}^. aflssq^r *r^-fMI* ^vflS. 
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^ ^ SUL^, # £ i^-tV ^o\)S. ^^U] 4 s «o^Hd ^IM 

<24> "K^lBj-olH i^-i^T,} ^*<HH 27> ^ o]£-£. tiV^^, ^7] 

(electronegativity) ^ ^7]-7l- (valence) 7} 27> ^-e) o]^.jj\. nfl 4. -ff-A}^-:e.S ^-^.e^ 
(Hume-Rot ery ruleHl ^ ^ Tfl ^ ^cf. o]^ ^ -^03 2 7j- ^-E} o^o] 

<25> SEt!", ^Hil *13>H <^fl ^lS^- ^ «<^}^ 40~100MBq(Bq:^^- & 

Q7.}°) -§-J!] ^5)-)ol ^<5>tf. 27> ^-E] ^ o. ^. 7lo11 sflT^s]^ ^>¥* ^#^>7l ^ 

*fl^fe 2,*% 4.89-12.22 >10-H mgS] ^e)7> -g-^S]^ 2)v]f>}B.3., 27]- ^ o] 

£r°l Fe 3 0 4 ^ 27> a) ^l^l-c^S. ^JeL^ 3^-*]- ojcq w o va>^ ^ oiuf. 
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*fl=lfe ^*fl^ *l«<Hi-°5. -*i^*fl^ l^^ofl ^o^xlTfl S)S.5. CLS*| o]-- Tfl 



<27> SE*V ; £ 

<28> ( 7 \) ^^}o\]*} 27} 1 ol^-g- ^-s}^ 37> ^ S)-^- 

# ^ 27} ^e] ^--fj-sRr S^#,§- ^>nv1l^olH ^<y*} Cu x Fei- x 0- Fe 2 0 3 # 

<29> (u}-) a o v 7 ] p>zlviie1-o}e q-^^^i- *K2.s. 1*} s^Rr ^K^l 2); 



3^ 



<30> (rf) av 7 ] =7^^ n>nvil^olH M-^^^l- i^fe 2*> S^Kr ^TjK^T}] 



<31> ol*> f «Vrg^. Aj-^l 

<32> (#7}) 1) 

<33> #74] l^r *>7l «]-§-Al Ji^^^- a >«4 ^o] ^ ^}o\]X] 2 7} % oj 

* f-4h*Rr 37> % o)^ ^is}±r tft ^ 27> ^e) oj^-o. ^-o.^ sj-^-l-^r 

^-fi-*}^ ^l-m-1lH}olH M-^^7> Cu x Fei- x 0- Fe 2 0 3 M: *\}^}tt 
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<34> [tiV-g-^] 1] 

xCu 2+ + (l-x)Fe 2+ + 2Fe 3+ + 80H" -» Cu x Fei- x O Fe 2 0 3 + 4H 2 0 

<35> ^-71 >S-7l 21- 80 °C ^lE^H 7>^ ^ 3E^>^- ^^-S-, 

^ 27> ^ ^--B-^ 5>^1-^ 37> ^ ^ffl 

^Sfl #S°1:EL °^f°J Fe 3 0 4 °1 ^^U, ^ 27> ^3 oj^-o] Fe 3 0 4 ^ 27> % 
tfiS^ *}zui]EWH 14^7} ^ iflofl 2 7> Cu x Fei- x 0- Fe 2 0 3 °1 ^ 

<36> hl*K ^-71 ^^ls 7}^ *}-8-*Rr <£s.q<>Frl- A>-g-^V ;gJjL 

#-§-*}*l ^ <3\E.qa}7> Cu(0H) 2 4 <£-§-*H ^3MH [Cu(NH 3 ) 4 ]2+^ 

<3 7> Stir, 27} ^ 01^4 2 7> ^ oj^o] ^-( Cu 2++ Fe 2+ )*1- 37} ^ <>]£r(Fe 3+ )£| ^ «l^r 

(1.0-1.4): 27} £^ ti}^*]^} 
<38> #7l 27} ^ o]^g- ^*}^ Sl-^-1- ^ 3 7> ^ oj^-i- ^-f}*}^ 5>^-#^r 27} ^ 

#(FeCl 2 -4H 2 0) ^ 371- % ^S>#(FeCl 3 - 6H 2 0)-gr ^}-§-*}tt 3°1 wfHj-^^Jl, #7} 27} ^e) o] 
^-B-^ ^P-Sl ^S>l-(CuCl 2 -2H 2 0)l- ^}-g-*}^r Jl4^°1^-. ^"71 ^S>l-^r 

<39> 2] 

xCuCl 2 + (l-x)FeCl 2 + 2FeCl 3 + 8NaOH -> Cu x Fei_ x 0 • Fe 2 0 3 + 8NaCl + 4H 2 0 
<40> (^HH x^ 0.1-0.4 ojcf) 
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<42> (c^-^l 2 ) 

<44> A c V 7l c^] xoflAi aj^j. °>ZL^BfolH l4^°g^>^ C^Vfe ^, 80^^^ 30 

#3 *Md-fMl# ^l]2t ^ 



<45> (#7fl 3) 

<46> cj-Tfl 30. 26)1 ^ ^ P>zLvilE]-olH ^-i^ i^fe- #(nonanoic 

acid)°-^ 2*> S^s>^ ^-^0]^. 

<47> ^-7] ^Tfl 2<HH n>ZLtllB|-olE T.}^ ^th^ ^, 60°C°lH 



Ji^lfe- 27} ^ o]£-^ f-fi-*}-^ W§-, 37> ^ ^-n-^m ^ 

27> ^ o^-fr f-a-^V^ ^-W* 80°C7}*1 7>15>ji -^^V ^*fl 5^<L> in 
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£r44 ^44^14. iW^S t^Rr # 44°ll #45^ ell4fe ^ *fl4 

t}7] omso S ojol^ ^-o>o^^ oHl^ ^l»^r>7l 444 #S Aflaj^t)-. 

^ ^ 44 i^4^ 2x1- -g. ^r^ofl 14= wJ-a}^ ^ 

<49> £ ^o]| n}^ *fl2:4 Hj-A>Aj ^ o]-g-<5>^ <£-Qr 4^4^ ^e)* £ 2^1 ^-*fl 

<50> c 2 °fl4 ti^^^ W>Sq- ^-O] -g- wVtgofl tt}-^ yJ-A}-^ ^^.^^ ^.pfl tfls. ^A). 

(61.8344)^ ^ Al^^^H)A-l ^c^^ j£Jf ^6fl Jl^Al^l^. 

«H4^ #4i£«- ^-gjg- - ol^L, » 0 V#^ 44^ 44 *}*[7}o\} Sl«fl ^A}^ A> 

4^1- 41- ^ 5^4 °H1 44 4^f 444 4^^§- ^h^-o.^ ^.h.^] ^ 

«M1 444^ ^ 5U4. 444, 4€r 44-^ *Mg-fMlfe # 4£-*fl 4 44 

<si> £*K 4€- 444^ 4 ^ 4 4^-^44 ^ o)5qofl3E. 41- 4^ 

3^ 43. ^4 ^ 4S# 44£-4°fl ^4 ^ $14. 4^ 4^-M4 X 
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<53> <^Al<^] 1> 

<54> FeCl 2 -4H 2 0 1.548g, FeCl 3 - 6H 2 0 4.700g ^ CuCl 2 - 2H 2 0 0.148gi 80m^l -g-*fl^^l 

-H, 3002) s)^o.S iEti}s>^Ai 80°CV}*\ 7}1s}^4. ^1*>^^ 7>^E}- ^-g- 

^ lOm^M^t]- 6g ^7>*)-ZL JE^H ^v))E)-olH ^A^t}. 

<55> ^ 400mg^°r <>M1-S- 3o ltl ^oil -§-^a]^ t^Ke ^ -§-<2»-°r ^So^tf . zi^ # 

3 ^H*fl 80°C^H 30-g- ^ JEtiV^Ai 7><l*>^Cf. O)^- ^ jzfA^ y]^ ^VZLtllB|- 

°1B H-i^*}- J^^* ^£r7}*l ^^71^1, * #5. a^^i}. 

sl^H, ^14^ a}- 3m£^- °^tl°}T 2ra^# 5£- ^7>*V * 60°C<HH 30^- -^°> 51 «> 



<56> <^6fl 1> 
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<58> #7l ^*\<q io)l^ n>zLvil^o]E uf^oi^^- a] sfji, X-*i s)€(X-ray 

diffraction, XRD)* °l-§-*r<^ 3^5.^* ^^r^. 27} ^e) o^o] Fe 3 0 4 ^ 

27> 1 o)^ ^sj.cg-^.g. cg-o}]±7} If 3*1 ^Ht A>-§-^^^. 

<59> n £ 3^1 M-El-Lfl^tq-. 

<eo> £ 30^ ^- ^-t^ofl af^. nfzLtjlEfolH q-i^Hl tfltb 3 ^ ^3.^1 ^ °] ^ 7} £ 

M-^7>2] ^d\]*) al^ol 27]- oj^ol 27} € °l^r* <&7) *fl^juf. ^3] 

^^.S, 27} ^5} a>^(0.072nm)^r 27]- ^ o]£.o) ^ (0.087nm)J±i=} ^71 afl-g-ofl 27} 

^51 °l£r<>l 27} ^ oj-g-jz} ttfl , #^}c£| tL5flzL ^(Bragg^s law)*)] 

^sfl sj^^o] ^ 7 }*};ELS i.^- *r<L3. °] ^}t\] &t}. 5. 3°1H Jio^l^ ^ 

°], ^ofl u|-^lv|lBl-olH l-}^*}^ Z\B.7\ I§ S)^ 3]a ^O-S 



<61> <^ofl 2> 

<62> p}ZH-11b}o|H l4i,o}*Hl ^-Jf^M Sil^r 27} ^Sl ol^c} oj:6|| ^£ 

(magnet izat i on) ^1 

<63> ^cfl U}^- nj-ZLlflEl-olE u}^7Hl tfl*}^ 2 7]- ^S] o^o] ^ ^ofl a} = ^ 

<64> ^ ^4 ^-Cf. 
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<65> H}7) S. H 7}^5)°1 9X$= #1> OJSLS. 1^ wj-a^ ^*8*H pfj^EH 

— M-^*r Cu x F ei - x O Fe 2 0 3 l- ^S^^cf. 
<66> p>zz.viii=HH M-^^r^ € °l^r4 ^-sl ^£1- ^7} ^ ^-^^ 

(Atomic Absorption spectroscopy, AA)-°3. n]-zit)lB^ol e M-^*]- Cu x Fei- x O Fe 2 0 3 ^ x SHr 

<67> Ig. 1] 





CuCl 2 - 2H 2 0 
^ #^(g) 


FeCl 2 -4H 2 0^ 
W(g) 


FeCl 3 - 6M 2 0sj 
W(g) 


X 


A]^. 1 


0.148 


1.548 


4.7 


0.1 j 


i 2 


0.296 


1.376 


4.7 


0.2 


*|B. 3 


0.445 


1.204 


4.7 


0.3 


i 4 


0.593 


1.032 


4.7 


0.4 



<#7] & H ^ iLo^ji- ti}.^ Qo] Cu x Fei_ x 0- Fe 2 0 3 ^ x7> 0.1, 0.2, 0.3 Sb 0.4°} *>} 
Z1v|1e]-o]h q-i^^^l- *fl^l-ZL, *r^3l (Vibrating Sample Magnetometer, VSM)S. 

^ ^l^Hfr £ 4^] M-Ef^&tf. £ 4<HH Cu x Fei_ x 0- Fe 2 0 3 ^ x7> 0.1, 0.2, 0.3 i^b 0.4 

^fc^ ^FSUiamagnetic)'?} ^ Q±7} Fe 3 0 4 ^ Fe 2+ °l£r* *1 

5^71 ufl^ojcf. 
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<71> <^afl 3> 

<72> p>zlvi1^o1h q-^<y*Hal *fl3^H A>-g-s)^- ^^l^ 

<73> ^ofl^ P>ZlLilEfolE q--<y^ *112:AH A)--g-5^ ^^7}- *H^1 ^£ , nj-ZL 
<74> ^-Cf. 

<75> *}hv)1eHh M^*} ^lS^H] a>^-s]^ °J-S.q^(MH 4 0H) ^ 7j-^^c)- 

(NaOH)l- 10m£ i&^r 15m£5. A]~g-^]-jL ( a> 7 1 ^a]^ «V^-g. ^^cr) n>ZLi--llB]-ol e ^-^^ 

<76> A o V 7 ] ^ofl 2 o11 7l*flSH ^ 0.5. nj-ziUilBHE q-^^ 7 >o] —p" o]£- 

<77> zl ^3].^ £ 5<H1 ^vfl^Cf. 

<78> £ 5<HH Ji^xr WfSf ^] ^-fMl^ 7^4iCf sfe ^qof^t 

^~§-*}^r ?H] ^1 &50-£f. ^M", ^^flS ^qo^ofl tijsfl 7>^4iCf# A}-g-^- 

<79> <^ofl 4> 
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<so> ^ZLvfl^olH uj-^^^H cfl^b 27} ^-5) o)£-*} 27} % ^-(Cu 2+ + Fe 2+ )3)- 37} 

€ °l£:(Fe 3+ )^ ^ ^ 
<8i> :g. ^e. Cu x Fei- x 0- Fe 2 0 3 ^ 27} ^ 27> % o^o} ^-(Cu 2+ + Fe 2+ )4 37} 

ol-g-*! ^^lHfolH M-ic^^V^l ^lSA], (Cu 2+ + Fe 2+ ):(Fe 3+ )£) o^ajol ^ H | o. 
°1 l:2«l ofl 7>7l3 ^^o] °1 «l#£r 71^51 -g-i^HH ^-f^l 

3^ <^ 7l7l . o^*} ^ >7l ^ 7ltfl ^. - ^ u).^, -a ^aHH^ 

(Cu 2+ + Fe 2+ )^- (Fe 3+ )^1 ^ til#^- 1.0°1*>:2, 1.1:2, 1.2:2, 1.3:2, 1.4:2 ^ 1.4^4:25. 

2:A>*]-5|cf. ^-71 2<Hl 7l*flSH Ol^ H J-^AS <#7] ^>ZLV11E)-0]H M"^^^ 

<82> t= 6ollAl; (Cu 2+ + Fe 2+ ):(Fe 3+ )7> 1.3:2^ *fl , s| tfl^ t}s}^ i^Ef^ji o^uf. ^ , 

(Cu 2+ + Fe 2+ ):(Fe 3+ )^| 1.0^)^} -.2^ 1.4^3^:2^ t>l-t^H^ p>zlu|1bM e ^ 

^1^71-1- *)12:*V - ^ojc]-. 



^ 2^91 ^ ^4. 7f^ o-^]^ HI] 
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<84> stb, 1^^] *4€- aHS-*M1tt ^-^IbI-oIh i+ic<g*>i£| q)?}^ £ -=. ^q- 

a>o1 cj«^o. S nl-zivllEl-olB q-^oj^ ^ aV^-g- ^ 7 >a) ^jl €^ 

«l7ll *H "fr*^ ^ ^MS. ^<£f>}3L oV^^j. Aj-EflS. ^ ^7)1 tf}^, Aj-71 
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1] 



[%^^ 2] 

*H 9X°\*\, ^7) ^-8-^7> 27} ^ ^-fr*>^ 5}-^-§-, 37} g o]^- 

* $"fr*}-*r 3? 27> ^ f-H-^ 5]-1}-l-^r ^lS^V n>ZLMlEfolE 

Cu x Fei- x 0- Fe 2 0 3 3]^ %^^7> ia^sM ^^.S. *>fe W$ 



3] 

* «-fr*Rr 27> ^Z1V11E}0)E 14 

^^7> Cu x Fei_ x 0- Fe 2 0 3 «fl 31^ 3l?Rr ^(decanoic acid)-2_^. 1*} 

3) ^ ^-MSl i^Rr ^Knonanoic acid)A^ 2*}- S^^H 01- ^Jf ^8 £-3. *>fe « 0 >a>^ 
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4 J 

»1 1^ ifl*] *fl 3*J- # $ 9l°]x), #7] v}=mMo}^ ^±<%x\ Cu x Fei_ x O Fe 2 

0 3 ^ x7> 0.1-0.4 ^3H1 3* ^AS. ^ « 0 >a>^ ;*F3-fMl. 



[$^* 5] 

(7» #7fl*HH 27} % oj^-g- ^-ft-*Kr Sj-^#, 37> ^ 5^ 

# ^ 27> ^ tf-fr*^ n>^tilE]-o]E u^*} Cu x Fei_ x 0- Fe 2 0 3 «- 

aflSSRr #7ll(#7ll 1); 

( M") ^"71 ^12:*> nj-ZLO-ilEl-olE i+Jc^Hg. ^o_^ 1*}- jS^SRf #7}l(#7fl 2); 

til 

(^) ^7l 1*> n>ZLVilE]-olH q-^^T^VS i^q-fe #O.S 2*> SI^SRr ^A^A 

3)3. ol^ol^l^ Wj-A]-Aj WJ-^. 



[3^8" 6] 

A 5%H1 ^^i, a o v 7 | pj-zLvflE^olE i4i^*> Cu x Fei- x 0- Fe 2 0 3 ^ X 7l- 0.1-0.4 >£$H1 
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8] 

^ 5*oHl $1*)*], 27> ^ 0)^-54 27} U <>1^ ^(Cu 2+ + Fe 2+ )4 37> % 

ol^r(Fe 3+ )S] ^ wl^o] (1.0-1.4) :2^1 3J-g- ^r^SLsL t}^ *fl2:SKr 

9] 

10] 

all 1*8- vflx] ^ 3^ ^ & a o^M3 7M3-S-« ^ Ai^=. 
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fr^ < U^\- 2003/7/29 



[=• 1] 



I ? c"(1.648r) + Fc"U.7g) + Cu '(O.MSg) 






sot: .NuOWGm) 


C ■ ,P e ,_,0 -F e ,0 , 1 3 










nll-7}>-^H] 3l£ ]*> 


















*| y\ <H j+diuiXiiei.it: ilet:Hrtl.nl.ioii) 








"11 <tl f*> (-1 Oml) <>MI| £ (-1 Oml) 






















7|-*J/i<'.^ nor , Iip(fiOml) 








■/l-Watt sot .30* 









2] 
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[51 3] 




IS. 4] 



2 aii a O) 21 




5000 



10000 



XPIS (Oe) 
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[51 5] 




NH 4 OH 10ml NH<OH 15ml NaOH 10ml NaOH 15ml 

a a m 



[51 6] 





23.0 -r 




22.8 - 




22.6 - 




22.4 - 




22.2 - 








22.0 - 


^a> 




21.8 - 


K 


21.6 - 




21.4 - 




21.2 - 




21.0 - 




1.1:2 



1.2:2 



1.3:2 



1.4:2 



(Cu 2+ + Fe 3+ ):Fe 3+ °l S til? 
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